This study investigated the effect of explicitness of navigational links on comprehension, perceptions of use, and browsing behaviour in an informational web site. The purpose was to determine whether link explicitness would assist users in overcoming cognitive overload and disorientation. Subjects took a pre-knowledge survey, browsed web pages in one of four link explicitness conditions, and took a post-browsing survey on comprehension and perceptions of use. Link explicitness differentially affected the outcome measures. Organizationally explicit navigational links resulted in lower scores on the post-comprehension survey. A combined condition of semantically and organizationally explicit links resulted in subjects reporting that they followed more embedded links. Traditional links and semantically/organizationally explicit links resulted in subjects exploring more of the study web site. These results, together with subjects' comments and webserver log files, indicate that navigational link labels clearly affect user performance -ambiguous link labels degrade comprehension and constrain browsing; traditional navigational links and links that provide dual signaling encourage broader sampling of a web site.
Introduction
The goal of this study was to test the effect of navigational link phrasing on users' comprehension, perceptions of use, and browsing behaviour when reading hypertext on the web. Specifically, we wanted to test whether more explicitly worded links would provide coherence that would help users overcome the cognitive overload and disorientation so often associated with reading hypertext. Explicitness was
Background
In the last decade, centuries of reading habits have been irrevocably altered by the emergence of the World Wide Web, as it has become a major vehicle for information dissemination supporting the growing complexity of everyday life. Agencies and businesses are increasingly turning to the web as their primary communication medium, and face-to-face encounters are becoming rarer, as evidenced by automated telephone messages that encourage consumers to visit a web site.
As large bodies of expository information migrate to the web, users find themselves not just searching the web but also browsing and reading web texts for meaning [17] . This expository information assumes a variety of text structures that -depending on the degree of linearity and amount of reader control offered by the hypertext -bring new responsibilities and require new strategies for both readers and writers [18] [19] [20] [21] .
At the more linear, author-controlled, end of the spectrum are expository hypertext documents which contain only forward and backward navigational links (e.g. the next and previous links often found in the upper and lower corners of the text area of a web page). Many of these documents are similar to print documents in their linear nature. These documents lack the visual signals typically used in the world of print (e.g. page numbers, chapters, discrete pages), however; text simply appears and disappears into an abyss as the reader selects 'next' or 'previous.' The reader has no sense of progression through, or extent of, the text as a whole, and this lack of structural context taxes cognitive resources [22, 23] . Additionally, hypertext readers must divert some of their cognitive resources from comprehension to activities such as scrolling, clicking on navigational buttons, setting page size, or even adjusting resolution or brightness of the screen [24] [25] [26] . One strategy that authors of linear hypertext can employ to help minimize the reader's cognitive burden is the use of traditional signaling [1] .
In contrast to the linear end of the spectrum is the nonlinear, more reader-controlled, end of the hypertext spectrum where one encounters modularized, interconnected hypertext documents that require truly different reading strategies than those needed for the more linear hypertexts. No longer following the author's prescribed path, readers control the journey in a number of ways: by selecting hyperlinks that are embedded in the text and transport them to new nodes (or web pages); by using the linear next or previous links; by clicking on links in navigation columns; by using the browser's back or forward buttons; or by using search boxes [13, [19] [20] [21] . Traditional print-based signals do not translate easily to such hypertexts, and the reader finds no comforting boundaries or sense of closure in the malleable web environment. The reader must share his or her limited pool of cognitive resources available for reading between comprehending the text, manipulating the reading tool, and making decisions about the path to take through the text [24, [26] [27] .
To further challenge the web reader, much expository information on the web has been adapted from print text intended to be read linearly by audiences whose reading strategies were developed long before the web. To meet the ever-increasing demand for online information, authors rush print-based documents to the web, often with little knowledge of writing techniques that would assist web readers with their new shared authorship role and that would be sensitive to a variety of reader tasks (e.g. searching vs browsing, reading to do vs reading to learn) and a range of web/internet experiences and skills. These authors are in need of research-based guidelines for creating expository hypertext documents that facilitate users' browsing and reading for meaning in a web environment through the incorporation of web-based signals that provide coherence to modular hypertext articles.
The study presented here seeks to provide a basis for the development of such guidelines by investigating the effect of the explicitness of local navigational links on user performance; specifically, comprehension, perceptions of use, and browsing behavior.
Literature review
The current study builds upon existing research that examines the effect of signaling on user performance and the interaction of signalling with text structure, user task, and prior knowledge. Before we discuss studies that investigate signaling effects in print and in hypertext, we first examine studies of performance with different text structures (print vs hypertext) as well as studies that compare varying levels of hypertext linearity. We close by describing studies of the effects of user task and prior knowledge, including interactions between text structure, signaling, user tasks, and prior knowledge.
Text structure and user performance
While the current study focuses on web-based hypertext, it draws upon literature that examines text linearity from a wider perspective. Hypertext refers to any text with links that can transport readers instantaneously from one place in the text to another. Hypertext may be as linear as print text if the only navigational options consist of links such as 'next' and 'previous' that perform a page-turning function. Hypertext is frequently nonlinear, however with navigational options consisting of links that let readers move through the text in a nonsequential fashion.
Hypertext visionaries have grappled with the challenges of electronically publishing exponentially growing amounts of information in an increasingly complex world, specifically seeking to facilitate access and retrieval of information by accommodating, mimicking, or even augmenting the associative and hierarchical workings of the human mind [28, 29] . Conklin [24] noted that although hypertext technology provided new opportunities for using the computer to communicate, it also presented many challenges -most notably, cognitive overload and disorientation. Many scholars maintain that hypertext organizes information in ways that can accommodate human cognition and allow for information retrieval in a meaningful, nonlinear fashion [30] [31] [32] . In response to the growing popularity of disseminating expository information on the web as well as the growing number of textbooks in hypertext format, some researchers are shifting their focus from an examination of search and retrieval tasks with hypertext to learning and comprehension [12, 17] .
Many advantages have been noted for learning with hypertext. Hypertext allows readers to approach nodes of information from different angles, creating multiple links between existing and new information, which leads to deeper processing and greater learning [6] . It allows readers to tailor the pace and sequence of navigation to individual learning styles or prior knowledge [6, 25, 30, 33] . It sparks motivation by offering choices and interactivity, thus empowering readers [34] and providing pleasure through serendipitous browsing [35] . Empirical studies of learning with hypertext vs linear text have found advantages for several measures: comprehension [12, 25] , problem solving [27] , and perceptions of use (e.g. self-determination and motivation, attitude toward learning with hypertext, perceptions of disorientation, and perceptions of navigational freedom/control) [27, 30, 31, 36] . Studies have also shown that different hypertext structures may differentially encourage extent of coverage of a hypertext space for subjects with different learning styles [19] .
Many disadvantages have also been identified for learning with hypertext. Hypertext can lead to cognitive overload as users share their limited pool of cognitive resources between comprehending text and attending to navigational decisions [24, 25, 37] . The balance of cognitive resources required for comprehension and retention of hypertext differs from that required for traditional linear text -while processing demands are not greater overall for hypertext, processing relational information in hypertext is more demanding than in linear text [18] . Hypertext readers often become disoriented, not knowing where they are, where they came from, or how to get to where they would like to go [24] . Following embedded associative links in hypertext may interrupt the narrative flow, leaving the reader to provide context and form inferences [37] [38] [39] , a step that can use up cognitive resources and degrade comprehension [26] . Hypertext may actually fragment thinking when its web-like, modularized structure does not fit the way in which humans process information [40] [41] . Further, hypertext readers with little prior knowledge or motivation may be unable to make effective navigational decisions [6, 24] . Empirical studies of learning with hypertext vs linear text have found disadvantages for several measures: comprehension and various measures thereof [18, 23, 27, 36] , perceptions of use [22, 42] , navigational performance [22] , and coverage of materials [23, 27, 36] .
Collectively, many studies emphasize the need to mitigate the problems of cognitive overload and disorientation that can occur with hypertext if readers are to realize the benefits that hypertext, with its learner control and cognitive flexibility, can offer for comprehension.
Signals and user performance
Many researchers have looked to the addition of signaling and other navigational aids to mitigate the costs of hypertext and increase its benefits. Signals -words, phrases, or clauses that announce content or reveal content relationships -act as structural cues that alert readers to upcoming text and help them create hierarchical frameworks to incorporate new information, making it more readily understood and remembered [1] [2] [3] [4] [5] .
Empirical studies with print documents have shown that signals (headings, previews, and logical connectives) help readers remember superordinate information and make inferences, particularly with long, difficult passages, and over time [3] . In one study, signals were shown to enhance memory for topics and their organization but decrease the recall of details [5] . Another study found that headings increased the amount of information recalled for more topics in general and for unfamiliar topics and the number of unfamiliar topics accessed [4] .
While signals have been used effectively in print documents, they are often not relevant or easily adapted to the nonlinear and modular nature of hypertext. Being unable to predict the reader's path, hypertext authors can find it difficult to provide effective signals that facilitate understanding [7] . Hypertext authors may, however, address coherence between nodes in several ways: by explicitly indicating the semantic relationship between linked nodes, juxtaposing the content of the preceding and current nodes in order to connect existing (or 'given') information to new information, or providing orientation cues that help readers identify their current position and obtain an overview of the hypertext structure [37, 39, 43] . Authors of hypertext documents may also provide other types of navigational aids (e.g. embedded hyperlinks, indexes, local navigational links) [6, 8] , and the hypertext system or web browser interface itself may provide other navigational aids (e.g. search functions, back and forward buttons) [44] . Placement of hyperlinks within the text provides context for those links, while placement of hyperlinks in lists outside the text may enhance search efficiency, particularly if the information associated with the hyperlinks is already known [11] . While these aids can assist readers in moving through the hypertext space, they may or may not function effectively as signals to aid comprehension.
Many have theorized about the advantages of explicit link labels in facilitating coherence between nodes and providing the context that readers need to summon relevant prior knowledge when they move to a new web page [45, 46] by providing information about the relationship between the source and target nodes or by indicating a category to which the link belongs [20, 47, 48] . Explicit link labels (e.g. links labeled with wording such as 'is an example' or 'is a contrast') vs less explicit links labels (e.g. links labeled with wording such as 'related content') or links without labels [6] can help readers make better decisions about whether to follow links, thus minimizing surprises and missed opportunities [49] . Link titles (short descriptions that pop up when one mouses over hyperlinks) can also provide coherence and facilitate comprehension by helping readers form expectations about upcoming text [35, 50] .
Many studies have empirically investigated the topic of link labels. Link labels that reveal the semantic relationship between the source and target text have been shown to lead to higher comprehension scores and more positive perceptions of use than link labels that simply say 'related content' [6] . Link indicators with labels that contain explicit information about the type of content at the target node have been shown to promote more focused reading even though unlabeled link indicators have been shown to encourage wider sampling of a hypertext system [8] . In one study, the addition of labeled content links that expressed the relationship of the source to target text enhanced search performance [7] . Further, links labeled 'next' and 'previous' confused users because the link labels conflicted with the browser's 'back' and 'forward' buttons [44] . This finding is of particular interest because one motivation for the current study was to show that replacing the widespread 'next' and 'previous' with more explicitly worded navigational links would provide coherence to interconnected expository hypertext articles and thus enhance user performance.
Empirical studies of signaling with hypertext elements have also shown that clearer organization (e.g. structured vs unstructured overviews, graphical vs text overviews) facilitate comprehension [15, 51] , enhance user perceptions, increase time spent engaging with the text [16] , decrease perceptions of disorientation [14] , and focus browsing [15] . Studies have also shown that placement of links can positively affect search speed and perceptions of search efficiency [11] .
The empirical study of signaling with hypertext in the web environment is an emerging field. Studies are needed that examine different ways of making link labels explicit -particularly in environments in which readers follow embedded links across hypertext articles, a scenario that is becoming extremely common with the abundance of linear documents that are being converted to hypertext on the web.
Task
The effect that text structure and signaling have on user performance is greatly influenced by the user's task. Real world needs lead users into a variety of tasks on the web, from searching for specific information to browsing for specific or nonspecific reasons. The boundaries of these categories often blur, and addressing multiple user behaviors presents a challenge for web authors [52] .
The nature of a given task relates to the definition of success for that task. Search success may be easily measured by accuracy and efficiency of information finding, and by perceptions of efficiency [7, 11, 27, 32] . However, browsing (reading and consuming information) success, which is a bit trickier to assess, may be measured by comprehension (how much of the content is understood and retained) [6, 7, 12-14, 16, 18, 51] , exploration of the hypertext (extent of the hypertext covered) [6, 12, 26, 27] , perceptions of use [6, 7, 12, 14, 16, 53] , and engagement with the hypertext (e.g. length of time on each page) [6, 7, 16, 26] .
User tasks have clearly been shown to affect performance. Subjects with specific learning objectives have been shown to recall more factual concepts and relations than subjects without objectives [54, 55] . User tasks have also been shown to interact with the effects of text structure and text signaling. In one study, subjects with problem-solving goals had higher comprehension scores and perceptions of control with nonlinear vs linear hypertext, while subjects reading to learn experienced no effect from text structure on performance or perceptions of use [27] . Subjects with search goals have been shown to use a more linear reading strategy, viewing fewer nodes and pages of text and reading for shorter amounts of time [26] . Subject task has also been shown to reliably predict behavior patterns in log file data, with problem-solvers displaying more constrained navigational patterns than browsers [55] . Finally, subjects with search tasks have expressed enhanced perceptions of use through the addition of explicit link labels [7] and received more benefit from structural contextual aids than subjects with browsing tasks [53] .
In summary, many studies demonstrate that users with specific vs nonspecific tasks perform better in general, tend to be more positively affected by nonlinear vs linear texts, benefit more from signaling, and display more constrained navigational patterns. The ease of measuring search success may explain why so many studies have examined such tasks. What is needed now are studies that employ a hybrid task -a focused browsing task that allows readers of expository text to explore a hypertext document with a specific purpose.
Prior knowledge
The effect that text structure and signaling have on user performance is also influenced by users' prior knowledge. Prior knowledge helps readers select information to place in memory, link new information to information that is already in memory, and provide placeholders for the instantiation of information [40] . When investigating readers of hypertext prose on the web, researchers must consider the prior knowledge of the hypertext structure and navigational options (web experience and structural schemata for hypertext on the web), and of the subject matter itself (content familiarity).
When the text structure and content presented match the information stored in the reader's memory, interpretation and recall are facilitated; when there is a mismatch, the stored structure and information base vie for power with new information [40] . Thus, learning with hypertext is affected by many interacting factors: the learner, the task, the system features, and the educational setting [32] . For example, the more unfamiliar the screen elements are, the more difficult it will be for meaningful learning to occur [56] . Clearly, prior knowledge will affect performance and thus the benefits to be derived from signaling with hyperlinks [4, 32] .
Empirical studies have shown that prior knowledge affects performance. Knowledgeable subjects performed better and had more positive perceptions of use than unknowledgeable subjects [9, 14, 16, 57] . Prior knowledge has also been shown to interact with the effects of text structure and signaling. Subjects with high prior content knowledge performed better with linear text than with hypertext, while low prior knowledge subjects were more successful at problem solving with hypertext than with linear text [36] . High prior knowledge subjects also had higher reading comprehension scores with linear text than with hypertext, with low prior knowledge subjects showing higher reading comprehension scores with mixed hypertext vs linear text [12] . One study found that low prior knowledge subjects learned more by following a highly coherent reading order, while high prior knowledge subjects learned more following a low coherence order [13] . Another study found that low prior knowledge subjects had higher global comprehension with hierarchical maps than with a more complicated network map or an alphabetical list [51] . In contrast, the presence of graphical overviews resulted in less disorientation and higher comprehension scores, particularly for subjects with high prior knowledge [14] . Yet subjects with little or no prior knowledge struggled more with the freedom and lack of context offered by nonlinear text [26] . Similar to findings with print text [1, 3, 4] , hypertext studies have shown that subjects who possess a high level of content knowledge benefited less from navigational aids than those with little or no prior content knowledge [9] . Prior knowledge of navigational traditions has also been shown to affect perceptions of use: novice users reported being confused by the navigational links 'previous' and 'next'; interestingly, experienced users reported being confused by the concept of 'previous' and 'next' vs the traditional browser functionality of 'back' and 'forward' [44] .
In summary, these studies show that users with high prior knowledge vs those with low prior knowledge -in terms of content, information structure, or web experience -perform better in general and typically benefit less from signals. There are mixed results for the interaction of prior knowledge and text structure, but it appears that less knowledgeable users may struggle more with the use of hypertext.
The current study -hypotheses
Given the existing literature on the influence of text structure and signaling on user performance, we designed the current study to assess four versions of link explicitness of navigational links, ranging from least to most explicit: generic, semantically explicit, organizationally explicit, and a combination of semantic and organizational explicitness. Generic links were defined as naturally occurring links (e.g. next and previous); semantically explicit links revealed the content of the target node; organizationally explicit links revealed the location of a target node in the overall article structure; and the semantically and organizationally explicit combined links revealed both the content of the target node and the location of a target node in the overall article structure.
Subjects logged into the study remotely, took a pre-knowledge test, read a scenario, browsed web pages in one of the link explicitness conditions, and took a post-browsing survey on demographics, computer experience, comprehension, and perceptions of use. Subjects' navigational activity was captured in web server log files.
The following hypotheses were formulated regarding the effect of explicitness of local navigational links. We anticipated that the replacement of generic navigational links with explicit links would lead to:
• Higher scores on measures of comprehension; the more explicit the links, the higher the comprehension scores.
• More positive ratings of perceptions of use; the more explicit the links, the more positive the perceptions of use.
• Greater exploration (broader coverage) of the site; the more explicit the links, the broader the coverage.
Methods

Design
This study employed a one-way design. The between-subjects variable of link explicitness had four levels: (1) generic, (2) semantic, (3) organizational, and (4) semantic/organizational. The dependent measures were comprehension, perceptions of use, and site exploration.
Subjects
Eighty-four individuals participated in this study; their mean age was 48.5 (SD = 14.2), and 70% were female. Participants were recruited through a variety of venues that targeted adults who in the course of their daily lives might seek out medical information. Study advertisements were posted on web sites of many organizations (e.g. the University of Washington Orthopedics and Sports Medicine, the State of Washington Arthritis Foundation) and flyers were placed at senior centers, retirement facilities, churches, etc. One of the goals of this study was to approach subjects in their own natural environment and subjects who would be likely to seek medical information online, in that the test web materials were drawn from an ehealth web site.
Materials
Study materials included experimental web pages, survey instruments, and instructional pages. The experimental web pages were adapted from the Arthritis Source (AS) web site (developed by Dr Frederick Matsen of the University of Washington, in conjunction with the State of Washington Arthritis Foundation). The AS was selected because it was a live, naturally occurring web site with an established history of activity and its content would be of interest to readers and would support a plausible browsing scenario. The selected web pages consisted of four hypertext articles on general topics concerning arthritis and spanned 28 pages (Table 1 ). The pages were relatively short (on average, 534 words per page) with easy enough content for subjects to cover much of the material in a short timeframe while being substantive enough to support meaningful comprehension. Also the texts had originally been adapted from linear print documents, a primary focus of this study being an examination of print documents adapted for the web. In their native state, all texts contained both generic local navigational links ('next' and 'previous') that supported sequential exploration within an article and embedded associative hyperlinks that supported nonsequential navigation within and between articles.
A template for the experimental web site was created from these pages through three steps: (1) stripping extraneous material, (2) removing links that led outside the site, and (3) replacing the traditional left-hand navigation column with two buttons ('Home' and 'Survey') to force subjects to rely on the local navigational and embedded links for movement within and between web articles. The content of the articles was preserved verbatim, and the Arthritis Source logos were preserved to maintain credibility. Figure 1 shows the finished template for one of the web pages (note the generic navigational links in the corners of the content area).
After replicating the template three times, we replaced the generic wording of the local navigational links (i.e. next and previous) in the corners of the web pages in three of the four versions so as to create the four link explicitness conditions, using the wording shown in Table 2 , where the levels of the independent variable (link explicitness) are defined. As shown in the table, the generic links (derived from the Arthritis Source web site) represent the common standard of 'next' and 'previous.' To create more semantically explicit links, we used the title of the target node to replace the word 'next' or 'previous' as appropriate; for example, on one page 'next' was replaced with 'Causes.' To create organizationally explicit links, we used the location of the target node within the overall structural space, using, the word 'section' to denote that location because the Arthritis Source web site refers to the individual pages of each article as 'sections. ' Two surveys were used to assess comprehension and perceptions of use, as well as to collect information on subject and text perception variables. Survey 1, administered before subjects browsed the test web site, collected two types of information: (1) personal identifiers to facilitate matching participants' responses to the two surveys (while preserving anonymity) and (2) domain knowledge (including an arthritis knowledge pre-test). Survey 2, administered after browsing, collected six types of information: (1) personal identifiers, (2) web experience, (3) demographics, (4) comprehension measured through an arthritis knowledge post-test identical to the Survey 1 domain knowledge test, (5) perceptions of the text and the ease of use of the test web site, and (6) additional comments about the web pages.
The comprehension test consisted of 18 multiple-choice items with three answer choices and was created following the guidelines of Haladyna [59] and Oosterhof [60] . The comprehension test was reviewed multiple times by Dr Matsen and tested for study mechanics and passage dependency by University of Washington (UW) graduate students. The goal of passage dependency testing was to ensure that the questions and answers did not predispose any specific answer. The rationale for the matching pre-and post-comprehension tests was to obtain prior knowledge scores for participants so as to use those scores as a covariate in the analysis of post-comprehension scores. The instructional pages contained introductory information and a browsing scenario. The introductory information overviewed the procedure and informed subjects that they could withdraw at any time, they would remain anonymous, and they could enter a drawing for an Amazon.com gift certificate. The browsing scenario sought to encourage exploration of the entire hypertext space as well as reading for meaning rather than just searching for discrete facts -it asked subjects to envision that they or a close friend or relative had arthritis and to focus their browsing on medical topics related to the four articles. This page also asked subjects to browse the experimental web pages for at least 15 minutes. Finally, a confirmation page asked subjects to confirm their decision to quit browsing and move on to Survey 2; it also instructed them not to use the browser 'Back' button for the remainder of the study. Organizational Links explicit about the organization of the articles, specifically about the Section 3 of 9 location of the target node within the overall structure of the hypertext article Semantic/ A combination of links used for the semantic and the organizational conditions, Section 3 of 9: organizational i.e. links explicit about target content and target location within the article Causes 
Technical administration of the study
Components of this online study resided on two servers at the University of Washington. A cgi script on the browsing instruction page randomly (and transparently) assigned subjects to one of the four experimental conditions. While many of the studies we reviewed utilized client-side tracking software on subjects' local machines in a laboratory or other controlled environment to track subject behavior, studies conducted remotely over the Internet must depend upon information stored in web server logs or gained from server-based tracking programs [46, 61] . Many researchers warn that log file statistics should be examined carefully and interpreted cautiously because the data have limitations with respect to completeness and accuracy [62] [63] [64] [65] .
In our study, we used a program option that disabled caching on the web server that hosted the experimental web pages. This disabling is important because caching is the main limiting factor cited for the usefulness of web server log files: caching prevents many page requests from reaching the server and being recorded in the server log, resulting in greatly underestimated page request figures [62] [63] [64] [65] .
Procedures
Subjects accessed the study site by typing the study URL into their browser or by clicking on the URL in an announcement on a web page. Subjects read the study overview, took the first survey, and read the browsing instructions and scenario. They were then randomly assigned to one of the conditions where they browse one of four test web sites, take the second survey, and enter the drawing.
Results
Results are grouped by demographics, prior knowledge, web use patterns, comprehension, perceptions of use, subject comments, and log files. Results are considered to be significant at an alpha level ≤ 0.05.
Demographics
Subjects in this study were well educated, with 39.3% (n = 33) of the subjects having taken some undergraduate coursework or earned a bachelor's degree; another 51.2% (n = 43) of the subjects had taken some graduate level coursework or earned a graduate or professional degree. Ninety three percent (n = 78) of the subjects reported English as their native language.
Prior knowledge
Prior knowledge measures were grouped into domain knowledge and text perceptions. Subjects in this study were well connected to arthritis, with 71.4% (n = 60) reporting that either they or a relative or close friend had arthritis. Subjects were primarily newcomers to arthritis web sites, with only 12% (n = 10) reporting that they had previously visited an arthritis web site; however, almost twothirds of the subjects (n = 56) reported occasionally visiting medical web sites. Subjects' pre-comprehension scores revealed that they were moderately knowledgeable about arthritis, scoring an average of 9.57 (SD = 2.89) out of a possible score of 18. Given that the questions had three answer choices, a score of 6 would have represented a chance score.
To assess text perceptions, we asked subjects to rate their familiarity with, interest in, and views of difficulty of the web site text on five-point scales. Subjects in this study were moderately familiar with the text (M = 2.89, SD = 1.05; 1 = very unfamiliar, 5 = very familiar); were rather interested in the text (M = 3.8, SD = 1.03; 1 = very uninterested, 5 = very interested); and found the material rather easy (M = 3.87, SD = 0.85; 1 = very difficult, 5 = very easy).
Web use patterns
Subjects in this study were active users of the internet/web, with 75% (n = 63) reporting daily use. Subjects were also fairly eager web readers, with an average rating of enjoyment of reading on the web of 3.52 (SD = 1.02; 1 = very unenjoyable, 5 = very enjoyable). Subjects were moderately web literate, having participated in an average of 4.21 (SD = 1.36) of the eight activities listed in the survey (e.g. emailing, shopping, chatting/instant messaging, playing interactive games). Subjects also appeared to be moderately skilled users of web browsers, having performed an average of 2.37 (SD = 1.43) of the five skilled actions listed in the survey (e.g. bookmarking a page, changing a browser setting, creating a web page).
Link explicitness and comprehension
To assess the effect of link explicitness on post-comprehension, an ANCOVA was performed using pre-comprehension as a covariate. This procedure was selected to best focus on the between-subjects effects [66] . There was a significant effect for explicitness of local navigational links on postcomprehension, F (3, 81) = 3.305, p = 0.024, partial η 2 = 0.112, α = 0.734. Given the relatively small effect size yet sufficient power, we used a least squares difference post-hoc test to identify significant group differences, being willing to accept a small risk of Type II error in order to further analyze group differences. The LSD revealed that subjects in the organizational condition scored significantly lower on the post-comprehension test than subjects in both the semantic and the semantic/organizational conditions (p = 0.023 and p = 0.003, respectively), and somewhat lower than subjects in the generic condition (trend toward significance, p = 0.061) ( Table 3) .
Link explicitness and perceptions of use
To examine the effect of link explicitness on perceptions of use, we performed separate ANOVAs on the variables concerning perceptions of navigation, orientation, and site organization. Readers should note that some of the variables have positive connotations at the high end of their five-point scales; others have negative connotations.
A trend toward significance [F (3, 82) = 2.472, p = 0.068] occurred for the effect of link explicitness on subjects' ratings of their frequency of following embedded links. A least squares difference post-hoc test revealed that there were potentially significant differences between the semantic/organizational condition and the generic (p = 0.026), semantic (p = 0.051), and organizational conditions (p = 0.021), with subjects in the semantic/organizational condition reporting following more embedded links than subjects in any other condition (Table 4) . No significant effects were found for link explicitness on the other perception of use measures. Subjects were not very often surprised by link targets or confused about their own location in the experimental webpages. They could frequently find the information they were interested in, they found the website relatively well organized, and they felt it was enjoyable to obtain information using the site (Table 5 ).
Subject comments
At the end of Survey 2, subjects provided additional comments concerning their perceptions of the arthritis web pages (~50% of the subjects [39 of 84] submitted responses). Blind raters (five graduate students in Technical Communication at the University of Washington) used a plus/minus method to evaluate responses on two measures: (1) perceptions of the arthritis web pages and (2) ease of use of the web pages. Because of the high level of consistency between the raters (96%), individual ratings were tallied and averaged by experimental condition (Table 6 ). Of the rated comments, only the comments pertaining to ease of use (e.g. navigation, disorientation, link following) are relevant to this study and are discussed here.
The generic condition received many negative comments concerning ease of use of the website (about 88% of the comments had 'minus' ratings). Subjects expressed dissatisfaction with ease of finding information and following the informational flow and tended to indicate a reliance on the linear 'next' and 'previous' navigation or a reluctance to follow embedded links. Similarly, the semantic condition received many negative comments (93% of the comments had 'minus' ratings). Subjects expressed frustration with embedded links and the multiple pathways they offer, and with disorientation.
The organizational condition and the semantic/organizational condition received more positive ratings for ease of use of the web site than the generic and semantic conditions; however, ratings were still somewhat negative, with 65.0% and 56.5% of the comments having 'minus' ratings, respectively. Subjects in the organizational condition were divided on the usefulness of embedded vs local navigational links, and they expressed some feelings of disorientation, and subjects in the semantic/organizational condition expressed mixed sentiments about embedded links and frustration with computers in general. Other comments are further examined in the Discussion section where relevant. 
Log files
Before a discussion of the log file results, readers will find it helpful to understand how we analyzed the log file data that captured browsing activity (i.e. page requests). Individual sessions were determined using a 20-minute time period to denote one session -although log file literature indicated 30 minutes for a typical session [63] , the technical staff associated with the test web site that we were using for our study had used 20 minutes in the past when examining the log files from their site, so we opted to go with their protocol. A visit refers to requests received from a unique IP address. When there has been no activity from that IP address for specified period of time (in our case 20 minutes), then that visit (or session) is considered to be over. Within each experimental condition, the total page requests were tallied for each of the four web articles and for the web site as a whole. By subtracting the total repeat page requests within a session from the total page requests, we were able to determine the total number of unique page requests (again, within each condition, for each web article and for the entire web site). We then calculated the extent of coverage by dividing the total number of unique page requests by the total number of possible unique page requests (number of pages multiplied by number of subjects). The extent of coverage, expressed as a percentage for each article and the entire site, is shown in Table  7 ; the extent of coverage for each article is also depicted graphically in Figure 2 . Table 7 and Figure 2 show that all subjects in the study, regardless of condition, saw a great majority of the pages in the first article they encountered (the FAQ article); subjects in the semantic/organizational condition saw all of the pages in the FAQ, subjects in the organizational condition saw 91.0%, subjects in the semantic condition saw 88.9%, and subjects in the generic condition saw 87.9%. Table 7 also shows that subjects in the semantic/organizational and generic conditions saw the largest percentage of the entire web site (46.1 and 45.3%, respectively). Subjects in the semantic and the organizational conditions saw fewer pages (40.1 and 36.1%, respectively).
Another result from the log file data of relevance here concerns the percentage of total unique page requests that subjects made for articles outside the initial FAQ article, as shown in Table 8 . The higher numbers in the table indicate greater willingness to move beyond the original article, which required the use of embedded links. Conversely, lower numbers in the table reveal browsing that was more constrained to the FAQ article.
Subjects in the generic condition ventured outside the FAQ with the most regularity, making 37.6% of their unique requests from other articles. Subjects in the semantic/organizational and semantic conditions moved outside the FAQ less often, making about 29% of their unique requests from other articles. Finally, subjects in the organizational condition moved outside the FAQ the least often, making only 18.8% of their unique requests from other articles. Figure 3 shows the percentage of total unique requests in the web site attributed to each of the four articles by link explicitness condition.
Discussion
Before a discussion of the results in terms of the projected hypotheses, it is informative to briefly discuss the nature of the subjects in this study and how their backgrounds positioned them in terms of potential benefits from signaling provided by explicit link labels. This study attempted to utilize subjects in their own natural environment, seeking subjects who might resemble the target audience for the Arthritis Source. Studies have shown that more women than men seek health care information online and most are between 30 and 64 years of age [58] . This study also sought to examine subjects who are old enough to have developed reading skills in a preweb era. Demographic results reveal that the subjects in this study were reasonable representatives of the target population: mostly middle-aged, female, almost exclusively native English speakers, with a higher level of education than the average internet user.
A majority of subjects reported that they or a relative or close friend had arthritis and that they used medical web sites occasionally. Not surprisingly, subjects reported being moderately familiar with and rather interested in the information in the experimental web pages and found it quite easy. The pre-comprehension scores reinforced these reports, showing that subjects were moderately knowledgeable about arthritis. Subjects in this study were also fairly facile, confident, eager web users (75% reporting daily use of the web), with moderate skill level with web browser functionality. We wanted to test natural users of the experimental web site in order to increase our external validity and the likelihood that uncompensated subjects would volunteer a sufficient amount of time to complete the entire study even though we knew, based on the literature, that we were running the risk of testing subjects who would least benefit from signals in that they were knowledgeable about arthritis and facile web users [3, 4, 6, 9, 32, 36, 40, 44] .
Link conditions and comprehension
The first hypothesis for this study was not supported: comprehension scores were not higher when more explicit wording replaced the generic wording of local navigational links. Unexpectedly, comprehension scores in one of the explicit conditions -the organizational condition -were significantly lower than scores in the semantic and the semantic/organizational conditions, with a trend towards being significantly lower than the generic condition.
After we discuss the possible reasons for the poor performance in the organizational condition, we will also address the surprisingly good performance of the subjects in the generic condition and the lack of significant differences between the other conditions.
The poor comprehension scores in the organizational condition correlate with the fact that subjects in this condition saw fewer pages from the web site than subjects in other conditions (as shown in Table 7 ) -covering only 36.1% of the total site. This finding may be attributed to the fact that subjects found the organizational link labels to be confusing and disorienting. Subjects' comments revealed that they were confused about whether these labels referred to the link's target or to their current location in the text, they misunderstood the function of the links (e.g. mistaking them for referential links to supplemental information), and they were uncertain about whether they had covered all of the material in the test web site. It was unexpected that these labels would confuse subjects in that previous research had shown that providing structural context to hypertext users helps reduce navigational problems by previewing the hypertext space [53] . Clearly, the lower comprehension scores and negative comments in the organizational condition support other existing research findings that suggest that confusing or misleading signals increase cognitive burden and degrade performance [10, 24, 25, 37, 44] .
While we still believe that providing organizational signals can improve performance for hypertext users, it might be helpful to instantiate the concept of 'current' and 'target' locations more clearly by adding a label between the corner navigational links. This centered label would provide information about the location of the current node within the overall hypertext structure (e.g. 'Page 4 of 10') and allow the corner navigational links to simply designate the target nodes (e.g. '< Page 3' and 'Page 5 >').
It is interesting that subjects in the generic condition performed almost as well on comprehension as those in the semantic and the semantic/organizational conditions. Although some believe that users perform better with conventional features regardless of whether they are the most effective features [61, 50] , we hypothesized that using more explicit wording than 'next' and 'previous' would lead to higher comprehension scores because it would mitigate the cognitive overload and disorientation when hypertext readers jump to new articles with a different linear sequence. We believe that the unexpectedly high comprehension scores in the generic condition may be attributed to that fact that replacing the generic labels violated a familiar convention and that any potential benefits from explicit signaling were offset by the removal of the familiar wording. Subjects in the generic condition may have been more comfortable with the familiar navigational links and thus more secure about their ability to navigate the site -log files confirm that subjects in the generic condition made a larger percentage of unique requests from articles outside of the FAQ than subjects in the other three conditions.
The lack of significant differences in comprehension scores between the three conditions (excluding the organizational condition) is also of interest and may be attributed in part to the subject characteristics (as discussed earlier), the comprehension test itself, and the short browsing timeframe. The comprehension test sought to assess the content of the Arthritis Source, which was rather encyclopaedic, and it was revised numerous times in order to achieve passage dependency, resulting in a comprehension test that assessed more subordinate than superordinate information. The recall of superordinate information has been shown to benefit most from signaling [5] even though Einstein et al. [67] maintain there is a relationship between recall of superordinate and subordinate information. Another cause for the lack of differences between the three conditions could be the short experimental timeframe. Subjects may not have had enough time to browse for information related to the scenario and demonstrate that knowledge on a comprehension test, a notion supported by comments that there was too much information to absorb in the time allotted. While our instructions asked subjects to browse the study web pages for at least 15 minutes, subjects may have interpreted this as an indication that a 15-minute timeframe was adequate for completing the task. Our suggested browsing time was based on the idea that a total of 30 minutes was the maximum amount of time that we believed subjects would stay with the study (including reading instructions, browsing, and answering questions) since the only incentive was the opportunity to enter a drawing for a $75 gift certificate at Amazon.com.
Link explicitness and perceptions of use
The second hypothesis for this study was not supported: perceptions of use were not more positive when explicit wording replaced the generic wording of local navigational links. There was a trend toward significance, however, for the effect of link explicitness on subjects' beliefs concerning following more embedded links, with subjects in the semantic/organizational condition reporting following more links than subjects in the other three conditions. The reporting of following more embedded links in the semantic/organizational condition may be attributed to the fact that subjects who received two types of signaling were more secure about their place within the hypertext and thus more willing to explore the hypertext, knowing that they could find their way back to their current location. Subjects in the semantic/organizational condition made the largest percentage of positive ease of use comments.
One possible explanation for the lack of differences between conditions for the other perceptual variables is that subjects in this study were fairly web literate, which would certainly make them more likely to adapt quickly to, and be less affected by, unusual labels for local navigational links. Another possible explanation is that subjects in general did not explore much of the site beyond the FAQ as shown by the log file data (62-81% of unique page requests were made within the FAQ).
Exploration of the study web site
The third hypothesis for this study was not supported: exploration (extent of coverage) of the site was not broader when more explicit wording replaced the generic wording of local navigational links. The results for exploration of the site are based primarily on the log file data. It is important to note that log files reveal subjects' actual performance rather than their perceptions of their performance, an important distinction because we know that what they do can be quite different from what they say they do.
The log file data indicate that subjects in the semantic/organizational condition and the generic condition covered the largest percentage of the study web site, while those in the organizational condition covered the smallest percentage of the study web site. These findings may, as mentioned previously, be attributed to the fact that subjects in the semantic/organizational condition and the generic condition felt confident in their ability to navigate the site and were, therefore, willing to explore more of the web site. Subjects in the semantic/organizational condition may have benefited from dual signaling and subjects in the generic condition may have benefited from using the familiar (traditional) links.
Conclusions and future research
Reading and writing have come a long way -there is a whole new concept of text with responsibility shared between readers and writers. But, as the literature and the results of this study indicate, more work is needed before the tools and technologies of web-based hypertext are mastered. Although the literature documents many benefits for hypertext readers, these benefits have associated costs in the form of cognitive overload and disorientation. Web authors must mitigate these costs by finding ways to increase text coherence and thus facilitate comprehension.
The study reported here of the effect of explicitness of local navigational links sought to clarify some of the needs of online readers and to provide a basis for usable guidelines for designers of web sites. This study focused on expository text that was adapted from materials originally intended to be read linearly and that were placed on the Web as a group of interconnected, somewhat linear hypertext articles. Although this study did not find the expected benefits for explicit local navigational links, it did have findings that have immediate implications for web site designers as well as for researchers.
First, confusing or ambiguous hyperlinks degrade comprehension and discourage exploration of the hypertext. Web authors should realize that the phrasing of hyperlink labels will impact the comprehensibility of their document or message and will affect whether users are willing to move out of a linear sequence of pages to other hyperlinked articles.
Second, hyperlinks providing more than one type of signal promote broader exploration of the hypertext space and cause users to believe they follow more embedded links and to more positively rate the ease of use of a web site. Web authors may find it beneficial to double up on signals wherever appropriate.
Third, the widespread standard of 'next' and 'previous' link labels encourages broad exploration of a hypertext space, both within and between articles, most likely because such labels are familiar to users. Web authors should respect the established standard of 'next' and 'previous,' replacing them or combining them only with clear, unambiguous labels.
Fourth, regarding benefits to researchers, the use of survey results and open-ended comments gathered remotely can provide valuable data about user demographics, comprehension, and perceptions that can be critical in understanding performance data. Further, we had a response rate to open-ended questions of about 50%, which shows that subjects are willing to volunteer information, even if they have to type fully phrased responses.
Fifth, webserver log files provide insight into performance results and further insight into subjectreported data. Although much has been written about the problems associated with the use of web server log files, if caching is blocked on the web server, many objections can be overcome. While web server logs cannot provide the level of detail provided by client-side software, they do allow for field study in a naturally occurring environment and can capture subjects' navigational activity in a very unobtrusive way. The emerging field of Internet-based research is finding many advantages for the conduct of remote Internet-based studies: use of subjects in their own environment, automated data entry, greatly reduced costs, access to large sample sizes and target populations, and use of naturally occurring web sites [61] .
Future researchers would find it useful to replicate this study using expository hypertext prose that is longer and more difficult, hypertext that has a clear superordinate structure and would lend itself more to browsing tasks and comprehension testing of superordinate information. It would be informative to obtain a cross section of the adult population, including people who are not eager to access their medical, financial, or travel information, for example, on the web and who have little experience with the web. It would be ideal to have subjects interacting with web pages that were interesting enough to hold their attention but not so personally motivating that they could succeed with poorly signaled texts. Subjects might be more motivated to participate in such studies if researchers could offer significant participation incentives.
Researchers may find it interesting to replicate the current study by adding explicit labels to the generic labels of 'next' and 'previous' instead of replacing them, as we did. It would also be interesting to conduct this type of study by manipulating other factors such as link labels, placement or density, and other navigational elements (e.g. navigation columns or bars, embedded links, graphical browsers, or headings in the text).
Hypertext and the web have truly revolutionized both reading and writing, and there is no turning back. As more agencies and businesses use the web as their portal to the world, the old avenues of information access are disappearing. Thus, people are increasingly forced to access information on the web, and web authors must recognize their responsibility to make online information comprehensible and easy to use. As remote internet-based research progresses in the arena of assessing web site design, more research-based guidelines will evolve to facilitate authors and thus benefit readers.
